Abstract-Determination of the threshold value for automatic EEG spike detection was investigated adopting conditional probability. An adaptive spike detection method was constructed and evaluated. A discriminant function for detecting spikes was obtained by conditional probability calculated from the EEG spike data. The relationship among false-negatives, false-positives and threshold values for the discriminant function was investigated. An adaptive detection algorithm was developed by combining different threshold values. False-negative and false-positive rates for spike detection depended on the threshold values. The adaptive spike detection algorithm achieved a high detection rate and accuracy. The advantage of the proposed method is to construct an adaptive detection algorithm by combining the threshold values according to the purpose of spike detection. Since the threshold can be easily changed in the proposed method, it is practically effective for clinical use.
INTRODUCTION
Spikes detected on EEG records provide important information for clinical diagnosis of epileptic disorders. Automatic spike detection is, if correctly applied, a powerful aid for electroencephalographers in spike detection on long-lasting EEG records such as those obtained from epilepsy monitoring. Over the past few decades, a considerable number of studies on the detection and recognition of EEG spikes have been performed. Most employed an approach based on pattern recognition [1 -6] . In particular, Gotman and Wang [7, 8] proposed a method of modifying the criteria for discriminating non-spike activities according to the state of the background EEG activities. Furthermore, applications of an arti cial neural network to spike recognition have been investigated [9 -12] . However, in spite of the importance of setting threshold values for pattern recognition, methods for determining the threshold values for spike detection have not yet been established. In fact, it used to depend simply upon trial and error or a priori knowledge based on past experience.
A new method for automatic spike detection by adopting adaptive decision criteria was developed by the authors [13] . An ideal goal of automatic spike detection is achieved by establishing a computer algorithm which adopts the method that quali ed electroencephalographers use to detect spikes by visual inspection. One of the authors previously proposed automatization of human decision-making processes based on conditional probability [14] . In the present study, methods for determining the threshold values for automatic spike detection were investigated based on conditional probability. A discriminant function for determining the spikes was derived from the conditional probability calculated from the sampled EEG spike data. The relationship between the detection rate and the threshold values was used as a reference for adjusting the thresholds to adaptive spike detection. The criteria thus obtained with various threshold values were then applied to actual EEG data.
METHODS

Subjects and data acquisition
EEGs were recorded in 11 patients (age 29-69 years) including three with clinical diagnosis of epilepsy by a digital electroencephalograph (Nihon-Koden EEG2100) in Kyoto University Hospital. Nineteen electrodes (Fp 1 , F 3 , C 3 , P 3 , O 1 , Fp 2 , F 4 , C 4 , P 4 , O 2 , F 7 , T 3 , T 5 , F 8 , T 4 , T 6 , F z, Cz and P z) were placed in accordance with the International 10-20 System [15] . A total of 30 bipolar EEG derivations were simultaneously recorded from each patient as follows:
, T 5 -P 3 , P 3 -P z, P z -P 4 , P 4 -T 6 and O 1 -O 2 . The EEGs were sampled at an ordinate period of 5 ms with a time constant of 0.3 s and high-cut frequency of 60 Hz. Continuous EEG data of 10-150 s for each subject were transferred to another computer with a sampling interval of 5 ms (200 Hz) and automatically segmented into 5-s epochs. An EEG of bipolar derivation was adopted for automatic detection on the grounds that the bipolar derivation was suitable for interpreting focal or localized phenomenon such as spikes. Two to 30 EEG segments for each subject were analyzed for spike detection; the total number of analyzed EEG segments was 89 (445 s). Those 89 segments were further classi ed into two groups: 52 segments from three patients with epilepsy and 37
